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ABSTRACT 
A cooperative ERTS-1 invest igat ion involving U. S. Geological 
Survey, National Park Service, and Environmental Research 
I n s t i t u t e  of Michigan (ERIM) personnel has as its goal the prepara- 
t i on  of t e r r a in  c l a s s i f i ca t ion  maps f o r  the e n t i r e  Pellowstone 
National Park. Excellent coverage of t he  park was obtained on 
6 August 1972 (Frame 1015-17404). 
Preliminary t e r r a i n  c l a s s i f i ca t ion  maps have been prepared 
a t  ERIM by applying mult ispectral  pa t t e rn  recognition techniques 
t o  ERTS-MSS d i g i t a l  taped data. 
selected by D r .  H. Smedes and Mr.  Ralph Boot (a Cqlorado S t a t e  
University student a s s i s t i ng  Dr .  Smsdes) . The color coded t e r r a i n  
maps w i l l  be presented and-gliscussed. The discussion w i l l  include 
qua l i t a t ive  and quant i ta t ive  accuracy estimates and discussion of 
processing techniques. 
Training sets f o r  the study w e r e  
1. INTqJHJCTION 
Since 1967, the s t a f f  of the Environmental Research I n s t i t u t e  of 
Michigan CERIM) and D r .  Harry Smedes of U. S. G. S., Denver have explored 
the  use of remote sensing i n  Yellowstone Nafiofral Park, 
Park Service personnel and s tudents  at Colora& S t a t e  University have 
joined the team. 
Recently, National 
Processed a i r c r a f t  mult ispectral  scanner da ta  showed grea t  promise 
f o r  c lass i fy ing  important t e r r a i n  categorfes in Yellowstone National Park. 
The goal  of the ERTS-1 experiment now underway was t o  prepare t e r r a i n  
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c lass i f ica t ion  maps of the en t i r e  Yellowstone National Park using ERTS-1 MSS 
data. These data are t o  be machine processed by software currently available 
at ERIM. 
Dr.  Smedes and the students, wh i l e  the National Park Service, the  f i n a l  users 
of the product, ass is ted i n  the def ini t ion of classes t o  be mapped. 
Training set select ion and map ver i f icat ion are being done by 
2. PROGRESS TO DATE 
Yellawstone National Park w a s  covered i n  a number of ERTS-1 passes 
i n  August and September 1972. 
the 6 August data set (frame 1015-17404) w a s  c lear ly  superior. No cloud 
cover is  apparent over any portion of the park, and a l l  channels of data 
,(in imagery form) were f ree  of a r t i fac ts .  
analysis (Figure 1). 
While many of the data sets w e r e  usable, 
This data  set was  selected fo r  
While routine d i g i t a l  formatting operations were carried out a t  ERIM, 
D r .  Smedes and students began an intensive ground e f fo r t  t o  define t ra ining 
set categories. The training sets f a l l  i n to  f ive  d i s t inc t  cover classes -- 
1) water, 2 )  exposed rock of various types,  3) grasslands of varying degrees 
of cover, 4) coniferous fores t  with different  degrees of cover and d i f fe ren t  
substrata,  and 5) lowland/marsh vegetation areas. Several separate samples 
were selected for  each of the cover classes. The locations of these samples 
were phoned t o  E R I K  
the signatures. 
W e  then performed signature extraction and analysed 
The signature analysis revealed tha t  a number of d i f fe ren t  classes 
could be separated. 
category te r ra in  c lass i f ica t ion  map. 
give us a basis  for  evaluating the  success of more detai led mapping e f fo r t s  
t o  follow. Before preparing the recognition map, two analysis s teps  w e r e  
performed. F i r s t ,  the individual signatures comprising each of the  f ive  
classes w e r e  combined t o  yield f ive  category inclusive,  composite "super 
Signatures", accounting for  geographical and component;tal var iab i l i ty  within 
each class. 
The resu l t s  of t h i s  s tep  are shown i n  Table I below. 
b i l i t y  of misclassification is an estimate of the percentage of points which 
w i l l  be incorrectly c lass i f ied  on the recognition map. 
proved t o  be the s ingle  best  channel. 
only s l i gh t ly  worse than using a l l  four bands i n  the spec t ra l  c lass i f ica t ion  
process . 
We then decided, as a preliminary s tep  t o  prepare a f ive  
The resu l t s  of t h i s  map, w e  f e l t ,  would 
Then, optimum channels for  c lass i f ica t ion  w e r e  determined. 
The average proba- 
Channel 2 (MSS-5) 
The combination 2, 4, 3 proved t o  be 
W e  decided t o  use a l l  four bands i n  the  spec t ra l  c lass i f ica t ion  
process. The recognition map was  prepared on the  ERIM 7094 computer. 
color coded presentation was chosen portraying w a t e r  i n  blue,  rock and s o i l  
areas in red, and various vegetation classes i n  green (See Figure 2). 
A 
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TABLE I 
AVERAGE PROBABILITIES OF MISCLASSIFICATION 
FOR FIVE CATEGORY RECOGNITTON 
Channels 
2 
294 
2,493 
234,391 
Average Probabi l i ty  
of Misc lass i f ica t ion  
.086* . 031 
.028 . 027 
3. FIVE CATEGORY RECOGNITION ANALYSIS 
Recognition processing resu l ted  i n  the  entire scene being c l a s s i f i e d  
i n t o  the generalized vegetation communities and physical landscape fea tures  
described elsewhere. 
not  ye t  avai lable ,  but  comparison of observable boundary fea tures ,  e.g. , 
lakeshore per imeters ,  t imberline and forest-grassland ecotones, ind ica te  
high cor re la t ion  wlth image occurrence on topographic maps and aerial 
photography. 
Quant i ta t ive estimation of recognition accuracy are 
Clear wa te r  bodies were ef fec t ive ly  recognized and drainage pa t te rns  
are q u i t e  evident. 
o r  r i v e r s  a ids  i n  separating grass  covered ridgetops from valleys.  
def in i t fon  of drainage pa t te rns  could undoubtedly be achieved loca l ly  by 
mapping every d i g i t a l  resolut ion element, rather than every other  element 
as we have done here. 
Occasional blue symbols marking the presence of streams 
Further 
Cul tural  features  and hydrogeothermal areas dominated by s tone 
construction, pavement and la rge  expanses of sparse  vegetation are s o l i d l y  
recognized i n  the l i g h t  rock category. 
as Thumb-Grant Village, Fishing Bridge and Canyon Vil lage are e a s i l y  
distinguished. 
the upper, lower, and Norris Geyser Basins are a l so  f u l l y  delineated. 
Perhaps even more s igni f icant ,  many of t he  smaller centers of hydrogeothermal 
a c t i v i t y  are detectable;  Sulphur, Vermillion and Pel ican Springs and 
Brimstone Basin are a l l  observable ringing Yellowstone Lake. 
High density v i s i t o r  use areas such 
Additionally, w e l l  known sites of thermal a c t i v i t y  including 
The rugged, exposed s lopes of the Gallatin, Beartooth and Absaroka 
Ranges ‘are appropriately iden t i f i ed  as l i g h t  rock. 
la rge  exposures and rock outcrops i n  the Grand Canyon of the Yellowstone 
and Lamar and lower Yellowstone River Valleys are accurately depicted. 
As indicat ion of po ten t i a l  fu ture  mapping d e t a i l ,  sand ba r s  framing the  
upper Yellowstone RTver meanders are recognized. 
A t  lower a l t i t u d e s  , 
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Lowland meadows and wetlands characterizing the lake margins*and many 
of the valleys a l so  help t o  emphasize the drainage system, and begin t o  
reveal the ecological s t ruc tu re  of the non-forested landscape when t h e i r  
occurrence I s  contrasted with that of the grass-sage conrmunitp. 
Dominating the upper slopes of val leys  up t o  the  fo re s t  edge and again 
beyond timberline, the  grass-sage community is most app.arent i n  the  upper 
Yellowstone and Lamar River Valleys and Pitchstone Plateau. 
Future recognition e f f o r t s  w i l l  concentrate on separating environ- 
mentally s ign i f icant  sub-categories within these bas ic  cover types. 
analysis  of da ta  located on t ransects  or iented along vegetation cover type and 
a l t i t u d i n a l  continua 
Par t icu lar ly ,  we wish t o  inves t iga te  individual fo re s t  species recognition, 
separation of d i f fe ren t  dens i t ies  of coniferous fo re s t  cover and detect ion 
of fores t  types on d i f fe ren t  substrates .  
Spectral  
is expected t o  reveal the f e a s i b i l i t y  of t h i s  objective.  
4. SIGNIFICANT RESULTS 
Several s ignf f icant  r e su l t s  have resul ted from t h i s  investigation: 
1. Accurate f i v e  category t e r r a in  c l a s s i f i ca t ion  maps have been 
made through computer processing of ERTS-1 mult ispectral  scanner 
da ta  col lected over Yellowstone National Park i n  August 1972. 
2. The f ive  categories  recognized were exposed rock and s o i l ,  water, 
coniferous fores t ,  grass-sage vegetation, and lowland grassy 
vegetat  Lon. 
3. Further analysis  is expected t o  y i e ld  maps with improved d e t a i l  
i n  the  f ive  general categories above. 
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Figure 1 
Yellowstone National Park Imagery 
Figure 2 
Yellowstone National Park Recognition Map 
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